INTRODUCTIONponents of movement (Figure 2a
The distance from the center of the conduit to the crater walls is about 500 m, and with walls sloping at 55 ø, the conduit wall adjacent to the crater fill is then slightly over 700 m (Figures 3c and 4b) . However, the distance from the center of the conduit to the rampart scarp on the north side of the vent is only about 300 m. Using the same conduit length of 700 m, the north boundary of the crater fill slopes at 67 ø (Figures 3b and 4a ).
Boundary conditions. In the wall profile, the crater walls are assigned a no-displacement boundary condition because deformation monitoring showed that the outer flanks of the volcano did not deform during 1981 and 1982 [Chadwick et al., 1983] . However, points that were monitored in the breach were displaced northward before some extrusions, suggesting that the boundary of the crater fill to the north is somewhat mobile. This condition is approximated in the breach profile by surrounding the crater fill with a stiff, but deformable, material to simulate the bedrock of the breach. This material is covered by a 100-m veneer with the same properties as the crater fill (Figure 4a ).
Normal stress is added along the part of the ground surface beneath the dome to simulate its weight. We assume that the driving force for the deformation of the crater fill comes from within the conduit. The boundary condition along the conduit wall is therefore specified as either a normal stress, a shear stress, or both and can be varied along the length of the wall. Two elastic constants are required to determine the relations between stress and strain in a linearly elastic, homogeneous, and isotropic material; Young's modulus and Poisson's ratio are used in this study. A value of 0.25 is used for Poisson's ratio. The Young's modulus for the crater fill is not known. It is taken to be 100 MPa, which is within the range of values reported for soils [Vyalov, 1986] and slightly less than values for hyaloclastites, tuffs, and consolidated sandstones [Birch, 1966; Oddsson, 1981; Vyalov, 1986] . This value should be appropriate for the fragmental, unconsolidated to weakly consolidated tephra of the crater fill. In the breach profile, the Young's modulus of the breach bedrock is an order of magnitude higher than the modulus of the crater fill.
Experimental Method
The numerical experiments were conducted by inputing a variety of conduit radii and distributions of normal or shear stress applied on the conduit wall. 
Finite Element Results
Stress fields. Either uniform normal or shear stresses applied to the conduit wall in both profiles create stresses in the crater floor that are appropriate for the formation of radial cracks. With an applied normal stress, the stresses in a radial direction are compressive throughout the floor, greatest adjacent to the conduit and decrease sharply with distance away from the conduit. With an applied shear stress the radial stress is tensile near the conduit and compressive elsewhere. In the wall profile, the stresses in the tangential direction (hoop stresses) begin as tensile stresses equal to or greater than magnitude to the radial stress at the conduit and become slightly compressive about three fourths of the way to the wall. In the breach profile, the tangential stresses remain tensile all the way to the rampart scarp.
These results suggest that cracks should initiate at the conduit wall and propagate outward in a radial direction all the way to the rampart scarp, to the north, but not all the way to the crater walls. Results from the wall profile show that displacements produced by the shear boundary condition using stresses of 1-7 MPa can match the field observations (Figures 6b and 7) . However, the stresses required with the normal boundary condition, 11-120 MPa, are clearly unreasonably large. In both cases, the best fit to the field data is obtained with a fault zone 30 times weaker than the surrounding material. The model displacements are sensitive to the strength of the fault zone because if it is too weak, it deforms excessively and if it is not weak enough, there is little displacement across the zone. Nevertheless, the normal boundary condition consistently requires about an order of magnitude higher stresses than the shear condition to produce compa- before it is eventually extruded. 
1983]. No measurements were made between the explosion DISCUSSION
and the extrusion. These considerations explain why the The calculations above show that the flow of magma up stresses calculated just before extrusion are lower for these the conduit is a feasible mechanism for producing sufficient •: Values of r shown for R = 15 m and tt = 10 lø P. See Figure 9 for r values using other conduit radii.
õ This value is a minimum, since the displacement of the north side of the dome could not be measured during this interval or after extrusion.
shear stress to cause the precursory deformation of the crater floor before extrusions. However, it is difficult to say if any combination of physical parameters in Table 6 At some point the factors governing the ascent of the Implications for Tilt Reversals and Seismicity magma cross a critical threshold, and the ascent velocity Several lines of evidence suggest that the stresses in the abruptly decreases. This takes place either just before or conduit decrease abruptly close to the time extrusion besoon after extrusion begins. The volume-supply rate then gins. First, ground tilt reversed direction from outward to decreases rapidly for a few days until extrusion stops and inward minutes to hours before extrusions (Table 7 and (Table 7) .
A sudden drop in shear stress in the conduit just before extrusion begins could be explained by a decrease in either the velocity of magma ascent, or the effective viscosity of the magma rising through the shallow part of the conduit, or both. Which of these possibilities is more likely is unclear. The calculated ascent velocities during extrusion are greater than those before extrusion for the first three eruptive events t• Due to extremely rapid tilting, the tiltmeter went off scale at 1800 on August 17. When the meter was reset at 1500 on August 18, it showed reversed tilting until it was removed the following day. However, this apparent reversal is less founded than the others, because the actual reversal was not measured and the meter could have been disturbed when it was reset. Nevertheless, the same meter showed a reversal before the previous extrusion, and the time interval during which a reversal.may have occurred is that when the rate of horizontal displacement on the crater floor abruptly decreased (Figure 12 ). several hundred meters of the conduit just before it is ex-rate of volume supply, the diameter of the conduit near the truded (Figure 11c ). If this argument is correct, then the surface, the effective viscosity of the magma, and the coneffective viscosities calculated from surface lava flows would fined nature of the crater. This -kind of deformation might be minimum values for the stagnant degassed magma filling be expected at other stratovolcanoes repeatedly erupting the conduit and causing most of the precursory deformation. lava of similar effective viscosity (possibly growing a dome), One would expect that the greater the time period between above a cylindrical vent in a crater filled with tephra. 
